Introduction
In previous papers [2, 3] 1,2,4-triazole and derivatives were shown to be strong, polynucleating ligands. Transition metal complexes of it appeared to possess remarkable magnetic properties [3, 4] .
As a related polynucleating ligand the compound 4,4'-bi-1,2,4-triazole (hereafter abbreviated as btr) seemed to be a rather promising one, because it has four chemically equivalent nitrogen atoms available for complexation. Moreover, the symmetry of the molecule, depending upon the torsional angle around the central NN-bond, is rather high. See The preparation of btr was reported in 1967 by Bartlett and Humphrey [5] . The method comprises of transamination of N,N-dimethylformamide azine (Me2N-CH=N-N=CH-NMe2) with 4-amino-1,2,4-triazole. However, a more simple method was possible, according to an earlier suggestion by Potts in 1961 [6] . This method is analog to the one for the preparation of 3,4'-bi-1,2,4-triazole [7] . The preparation of the title compound corresponding to this method is reported here.
The crystal structure of btr was investigated by Domiano [8] . The torsional angle around the central NN-bond appeared to be 91.9°, corresponding to a 1 Part VI see reference [1] .
* Reprint requests to Dr. J. G. Haasnoot. 0340-5087/79/1100-1500/$ 01.00/0 molecular symmetry deviating only slightly from D2d.
On the basis of its structure, Domiano suggested that the compound should be less aromatic than 1,2,4-triazole itself.
Extensive electron derealization over both triazole rings is hindered by their perpendicular arrangement. However, metal-metal interaction via the same triazole ring and eventually via both rings in transition metal complexes of btr is not to be excluded a ipriory. A rearrangement of the triazol planes along the central NN-bond can easily to be effectuated. Investigations on the magnetic properties of the metal complexes described hereafter are scheduled. Here we report the preparation of btr complexes with nickel and cobalt thiocyanate in addition to a discussion of the vibrational spectra of ligand and complexes. A structure for the complexes will be proposed.
Experimental

Preparation of btr
A 80% aqueous solution of 2 mol hydrazine hydrate was added carefully to 2 mol formic acid in a large beaker and heated slowly to 200 °C. With this procedure 4-amino-1,2,4-triazole was formed according to Herbst and Garrison [9] . In the mean time 1 mol hydrazine hydrate and 2 mol formic acid were combined in another beaker and heated to 120° for 10 min, producing diformylhydrazine. After cooling both reaction mixtures to about 100° they were combined and next heated again slowly to 180°. After the evolution of water had ceased (about 30 min), the reaction mixture was cooled and kept several days in a refrigerator at 0 °C. Crystals of btr formed very slowly. After filtration from a viscous oil the substance was recrystallized from alcohol/water giving 35 g btr, yield about 25%, m.p. 267 °C.
As was expected the PMR spectrum consisted of a single line: 8.97 ppm to TMS in d6-ethanol, whereas the C 13 NMR spectrum gave 142.43 ppm to TMS in DMSO solution, also consisting of one signal.
The substance was characterized further by matching the parent peak of its mass spectrum: 136.0490 amu, C4H4N6 requires 136.0495 amu.
Preparation of the complexes
Co(btr)2(NCS)2H20 and Ni(btr)2(NCS)2H20 were prepared by a method described earlier for 1,2,4-triazole thiocyanate complexes [2] , The cobalt complex is an orange substance, m.p. 315°C (dec).
Analysis for C0C10H10N14OS2
Found Infrared spectra of the compounds were recorded on a Perkin Elmer Model 580 IR-spectrophotometer. Samples were run as nujol mulls between KRS-5 windows or in alkali halide disks.
Raman spectra were made on a Cary 81 spectrograph furnished with an argon ion laser tuned on 514.5 nm at 100 mW.
Ultraviolet-visible NMR spectra were measured on a Beckman DK2-A spectrophotometer using the diffuse reflectance method.
Discussion
Symmetry considerations
The molecular symmetry of solid btr is D2; for a general description we may assume the torsional angle to be 90°, in that case the symmetry point group is D2d. Table I gives a description of the types of vibrations of btr for both point groups.
The experimental infrared and Raman spectra confirm grosso modo the symmetry expectations for D2d.
An all plane structure (point group D2h) is easily ruled out, because the inversion centre would imply lack of coincidence of infrared and Raman absorptions. Although coincidence might occur in some cases even with a D2h model, it is unlikely that there would be a nearly complete coincidence like what may be seen from Table II. On close examination exclusion of a D2 model is less obvious. It may be considered on the basis of the number of active infrared fundamentals. This number should be 26 for D2, which can not be realized with the infrared spectrum. However a small deviation from D2d symmetry, like indicated by the crystal structure analysis [8] may activate some fundamentals, only to weak to be detected. Splitting in E-type absorptions may also be overlooked. Table I . Description of vibrations of 4,4'-bi-l,2,4-triazole. r = Raman active, i = infrared active, n = not active.
Designation of internal coordinate
Symmetry species in point groups: D2 D2d Comparing the infrared spectra in KBr and Csl disks (Figs. 2 and 3 ) it is observed that the spectrum of the latter sample is closer to Ü2d than the spectrum in KBr which is about identical to the nujol spectrum.
It appeared that the spectrum of btr in Csl is far from identical with the spectra in any other alkali halide. The spectrum of btr in a Csl disk made rapidly and run immediately at room temperature is more or less identical with the KBr spectrum, but appears to be strongly time and temperature dependent. It is concluded that a conversion takes place in the Csl disk. Yet the conversion is not completed. A completely converted spectrum, indicated by the absence of the 3085 cm -1 band was obtained from the powder resulting from dissolving a 1 % mixture of btr in Csl in water and evaporating the solvent at boiling temperature.
The region for the carbon-hydrogen stretching vibrations is very informative about what happens. In Nujol or KBr matrix the infrared spectrum has four absorptions around 3100 em -1 one of which is very weak and matches a very strong Raman line. The conclusion is D2 symmetry in which the A vibration has become only weakly visible.
In Csl matrix this spectrum changes. The A absorption has disappeared and two of the remaining absorptions have coalesced. This spectrum of two CH stretchings is consistent with a D2d symmetry. Comparing the other parts of the infrared spectra other coalescings can be noted. From these facts it is concluded that btr enhances its symmetry in Csl matrix to D2d. Again, a D2h symmetry can not be excluded solely on the basis of the infrared spectrum.
Assignment of btr
As an assistance to the interpretation of the infrared spectra of the metal complexes of btr an assignment of the spectrum of btr itself was made, based upon symmetry rules and the asignments of the spectra of the parent compound 1,2,4-triazole [10] and some of its complexes [2, 3] . In addition the infrared spectrum of 4-amino-1,2,4-triazole proved to be valuable.
This assignment is given in Table II , together with the infrared and Raman spectra. No attempts have been made to differentiate between B2 and B3 vibrations (point group D2), arising by splitting of E type vibrations when the symmetry is lowered. Although the assignment has been given in terms of internal coordinates we must realize that the normal coordinates are far from pure. Coupling exists between all vibrations belonging to the same symmetry block. However, this assignment shows again some features common to a number of spectra of 1,2,4-triazole derivatives:
1. The vibrations perpendicular to the plane of a triazole ring are found invariably below 900 cm -1 . A group of absorptions of middle intensity around 880 cm -1 is assigned to vibrations having mainly CH-out-of-plane bending character.
2. The out-of-plane ring bendings (torsions) always show up between 600 and 700 cm -1 and are very sensitive to the ring symmetry (Cs or C2v): symmetry allowed vibrations have very strong absorptions, while the intensities of forbidden vibrations are low.
3. The inplane ring vibrations usually start around 1550 cm -1 running to about 950 cm -1 .
4. Very strong absorptions of in-plane CH bending are invariably found around 1080 cm -1 .
5. Between 1200 and 1800 cm -1 overtones and combination bands are found of unusual high intensities. They may be separated from the fundamentals easily, because they arise mostly from the out-of-plane vibrations.
Infrared spectrum of the complexes
As can be seen from Table II and observed. This splitting is smaller than in the Csl spectrum of the free ligand, in which case it is probably caused by site symmetry effects. Because the splitting is so small in the complex one is inclined to assume nearly identical environment for both rings of the btr molecule in the complex. On the other hand the weakness of the absorptions around 675 cm -1 suggest a C2v symmetry for both rings of the btr ligand. Tetradentate or tridentate coordination is unlikely to occur and mixed coordination is not observed in the infrared spectrum. Therefore we are left with two models of bicoordination. They are pictured in Fig. 5 .
As is seen from Fig. 5 a (1,1' -bidentate btr) we have identical triazole rings which have local Cs symmetry. In Fig. 5b (1,2-bidentate btr) the rings have both C2v symmetry, but are not identical. The whole btr ligands have, as indicated in the figure, C2 respectively C2V symmetry. Deviation of the torsional angle from 90° is possible and does not alter the local symmetry of the triazole rings in both models. It does however, lower the symmetry of the btr ligand in the 1,2-bidentate case.
Clearly, the infrared absorptions of the ring outof-plane vibrations cannot be used to distinguish between the two models.
There are however still more vibrations in the triazole ring that are sensitive to the symmetry change Cs C2v-For the ycH vibrations of the free btr molecule we find in the Csl-matrix as expected for Dad symmetry only one absorption at 866 cm -1 . The C2v case of Fig. 5 b would according to Table I give two absorptions, while the rather unsymmetrical C2 model (Fig. 5 a) would give four infrared active ycH vibrations. Table II shows that these four absorptions are clearly visible. This fact eliminates the 1,2-bidentate model.
Other regions informative about the structure of the complexes are the thiocyanate regions and the far infrared (metal-ligand) region. Table II and Fig. 4 show a distinct splitting of the CN-stretching absorption. This splitting suggest a cis or distorted trans arrangement of the thiocyanate ions. The position of both the CN and CS stretching vibrations is indicative of N-coordination [11, 12] of the thiocyanate ions, which should therefore rather be called {.so-thiocyanate. The number of the far infrared absorptions too leads to the conclusion that a non-trans arrangement of the thiocyanate ions is highly probable. Table III lists the metal-ligand wavenumbers for the two metal complexes. The far infrared part of the spectrum gives no indication of other coordination than nitrogen to the metal, which is in agreement with the ligand field spectrum.
Ligand field spectra of the complexes
In Table IV the ligand field spectra of the complexes are given. Both spectra have the appearance of the spectra of metals that are octahedrally coordinated by strong nitrogen donors. This rules out coordination by oxygen or sulphur which would introduce at least unsymmetrical absorption bands and a weaker ligand field.
The Dq and B values have been calculated assuming octahedral symmetry around the metal ion.
It is quite clear that btr is a strong ligand, even stronger than 1,2,4-triazole itself and comparable to 1,2-diaminoethane. Apart from a shift to stronger ligand field, the spectra run at liquid nitrogen temperature did not show any further differences when compared with the room temperature spectra.
Structure of the complexes
Resuming the experimental facts we have: a) Stoichiometry; two btr molecules, two thiocyanates and one water molecule per metal ion. Table IV . Ligand field spectra of M(NCS)2(btr)2H20, M = Ni, Co. Ligand field parameters calculated assuming octahedral symmetry [14, 15] . Values given in cm -1 .
II. A double-bridged structure:
This structure is possible both with 1,2-coordinating btr ligands and with 1,1'-coordinating btr ligands. Because of steric reasons, the last possibility is more favourable. A double-bridged structure leads to linear polynuclear complexes. Structures like pictured in Fig. 6 will result, although the thiocyanate ions will not necessarily be Jraws-arranged. III. A single-bridged structure: Two-dimensional polynuclear layer structures result when the btr ligands connect the metal ions by single bridges. For steric reasons this structures will not be possible with 1,2-coordinating btr ligands. These structures will be analog to the structures of the M(l,2,4-trz)2-(NCS)2 complexes [4] .
A structure analysis of the cobalt complex has been started. A preliminary determination of the eel dimensions indicated that the formula number in the unitcel is 4. This rules out structure I.
Conclusions
1. The compound btr can be prepared easily from hydrazine hydrate and formic acid. 2. Its vibrational spectrum can be interpreted on the basis of D2 and D2d symmetry, the latter showed up when the compound was measured in Csl matrix. 3. Complexes of btr with transition metal can be prepared and are quite stable. 4. Btr is a very strong ligand, in the spectrochemical and nephelauxetic series it may be placed between 1,2,4-triazole and 1,2-diaminoethane. 5. The structure of the complexes is polynuclear, especially Co(btr)2(NCS)2(H20) and the isomorphous nickel complex are probably onedimensional chain structures.
